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INTRODUCTION 


The  US  Army  is  currently  investigating  the  use  of  liquid 
propellants  (LPs)  in  large  and  medium  caliber  guns.  These  LPs 
are  characterized  by  the  use  of  hydroxylammonium  nitrate  (HAN)  as 
their  oxidizer.  On  25-27  August  1987,  the  Third  Annual  LP  Con¬ 
ference  on  HAN-Based  Liquid  Propellant  Flames,  Properties  and 
Structure,  was  held  at  the  BRL  with  Dr.  Walter  F.  Morrison  as 
General  Chairman.  The  papers  presented  at  this  highly 
successful  conference  were  given  by  people  from  academia, 
industry,  and  other  government  agencies. 

This  report  is  a  compilation  of  the  abstracts  and  viewgraphs 
of  these  papers  where  available.  The  final  program  is  included 
in  appendix  A  and  a  list  of  attendees  in  appendix  B. 
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MAY  86 


ABSTRACT 

SOLID  4-  LIQUID  PHASE  EQUILIBRIUM  FOR  THE  WATER  4-  HYDROXYLAMMONIUM 

NITRATE  SYSTEM 


by 

J.  Bevan  Ott  and  Johanna  Artman 
Department  of  Chemistry 
Brigham  Young  University 
Provo,  Utah 

The  binary  solid  +  liquid  phase  diagram  has  been  measured  for 
the  water  4-  hydroxylammonium  nitrate  (HAN)  system.  The  phase 
diagram  is  a  simple  eutectic  system  with  the  eutectic  at  231.5  K 
(-41.7*C)  and  a  mole  fraction  of  HAN  of  0.281  (wt  fraction  of  HAN 
-  0.676).  The  phase  diagrams  expressed  in  terms  of  mole  fraction 
x  and  weight  fraction  f  are  shown  in  figures  1  and  2. 

The  enthalpy  of  fusion  of  the  HAN  was  determined  from  the 
solid  4-  liquid  results  to  be  11  ±  2  J/mol.  The  HAN  was  obtained 
from  Southwestern  Analytical  Chemicals,  Inc.  as  an  approximately 
2.8  molar  solution.  The  water  was  removed  by  vacuum  drying  over  a 
three  month  time  period,  but  the  sample  was  still  not  pure.  We 
estimate  the  impurity  level  from  the  change  in  melting  temperature 
with  fraction  melted  to  be  0.040  mole  fraction.  We  are  at  present 
trying  to  determine  the  nature  of  the  impurity. 

We  obtained  a  melting  temperature  for  the  impure  sample  of 
HAN  of  315.95  K  (42.7*C).  The  melting  point  corrected  to  zero 
impurity  would  be  317.7  K  (44. 5* C). 


xhH30HN03  +  (l-xjHgO 


Figure  1.  Solid  4-  liquid- 
phase  diagram  for  HAN  +  water 
expressed  in  terms  of  Kelvin 
temperature  vs.  mole  fraction 
HAN 


PHASE  DIAGRAM  FOR  HAN  ♦  WATER 

Figure  2.  Solid  +  liquid- 
phase  diagram  for  HAN  4-  water 
expressed  in  terms  of  centi¬ 
grade  temperature  vs.  weight 
fraction  HAN 
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DIFFRACTION  STUDIES  OF  HAN 


F.  K.  Ross  and  Q.  Xie 
Research  Reactor 
University  of  Missouri 
Columbia,  MO  65211 
(314-882-5237) 


The  objective  of  this  research  program  has  been  to  provide 
information  about  the  structures  of  crystalline  and  liquid  HAN.  To 
this  end,  we  developed  techniques  for  crystallizing  HAN,  determined  the 
structure  of  the  crystalline  material  by  X-ray  dif f raction( 1 ) ,  improved 
the  structural  model  by  providing  a  single  crystal  neutron  diffraction 
study(2)  and  during  the  past  year  have  concentrated  on  measuring  the 
diffraction  from  liquid  samples.  The  crystal  data  is  used  to  develop  a 
description  for  the  potential  of  HAN,  but  obviously  is  not  necessarily 
an  ideal  example  of  the  liquid  state.  The  liquid  scattering  information 
is  intended  to  test  the  ability  of  the  model  to  reproduce  the  measurable 
properties  of  the  liquid  and,  in  conjunction  with  theoretical  studies,  to 
provide  a  better  understanding  of  the  liquid. 

Diffraction  data  have  been  acquired  for  HAN,  for  fully  deuterated 
HAN  and  for  a  "null"  isotopic  mixture  (64%  hydrogen  of  scattering  power 
-.374f  and  36%  deuterium  of  scattering  power  +.667f).  In  addition,  we 
have  continued  earlier  X-ray  diffraction  studies  with  the  inclusion  of  a 
pyrolytic  graphite  crystal  to  produce  monochromatic  radiation  and  with  the 
development  of  a  liquid  cell  for  use  in  the  flat-plate  geometry.  The 
monochromator  is  necessary  to  produce  a  diffraction  pattern  which  can  be 
deconvoluted  from  the  source  spectrum  and  the  latter  geometry  makes  up  for 
some  of  the  intensity  loss  incurred.  Flat-plate  geometry  also  reduces  the 
severity  of  the  absorption  corrections  incurred  for  the  cylindrical  samples 
(HAN  liquid  in  a  quartz  capillary  tube)  reported  last  year  (2).  Background 
scattering  from  the  container  is  still  a  problem  though,  and  we  find  rather 
bothersome  partial  crystallinity  in  both  the  thin-wall  quartz  tubing  used 
for  the  neutron  studies  and  in  the  stretched  Mylar  window  of  our  new  X-ray 
cell.  Efforts  to  improve  the  removal  of  container  scattering  from  the 
diffraction  pattern  are  underway. 

The  weakness  of  the  diffracted  intensity  in  the  X-ray  experiment 
suggests  that  this  work  might  be  more  appropriately  performed  at  a 
synchrotron  laboratory.  Such  an  experiment  is  being  considered,  but  it 
also  requires  the  use  of  a  sample  cell.  Our  X-ray  experiments  are  still 
providing  much  useful  information  to  aid  in  planning  the  synchrotron 
experiment. 


(1)  A.  L.  Rheingold,  J.  T.  Cronin,  T.  B.  Brill  and  F.  K.  Ross,  Acta  Cryst., 
(1987) .C43, 402-404. 

(2)  F.  K.  Ross,  Conference  on  HAN-Based  Liquid  Propellant  Flames,  Properties 
and  Structure,  BRL,  Aberdeen  Proving  Grounds,  July  29-31,  1986. 

*  Research  Supported  by  Army  Research  Office  grant  DAAG29-85-K-0064 . 
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DIFFRACTION  STUDIES  OF  HAN 


F.  K.  Ross  and  Q.  Xie 
Research  Reactor 
University  of  Missouri 
Columbia,  MO  65211 


Research  supported  by  the  Army  Research  Office, 
"Structure,  Potential  Energy  and  Thermodynamic 
Properties  of  Hydroxy lammonium  Nitrate",  R.  D. 
Murphy  and  F.  K.  Ross. 
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OBJECTIVES 


1.  Crystallize  HAN  and  determine  (crystal)  structure. 

a)  X-ray  diffraction  (HAN,  d4-HAN) 

b)  Neutron  diffraction 

c)  Search  for  other  structures  or  phases 


2.  Monte  Carlo  calculations  (R.  D.  Murphy,  UMKC) . 

a)  Generate  potential  from  structure  parameters 

b)  Calculate  thermodynamic  properties  from  the  potential 

c)  Use  potential  to  calculate  liquid  scattering  (diffraction) 


3.  Measure  liquid  scattering  (diffraction)  . 

a)  Neutron  -  HAN,  d4-HAN,  36/64%  null  isotope  mixture 

b)  X-ray 
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Future  ‘Directions 


1.  L|4ui»  SeATHfRItfC  AT  ShoRTVR  (jAVrieMCTHS 

(he  -  O.VA  ,  A]  =  O.Sik) 

2.  FoCoi  If  IHC.  M'*ifCWjG0MATC 


*/.  E.k£CT*ON  DtfNSiry  AnM.HI* 

«'  densiry  MfS 
«JtcrrOST«.ric  poftnTltl  *Af% 
molrifoU.  rttiM^Mnr 


*  -  i  ■  S  V 


HAN  -  eta=.25, 


0.00  10.00  20.00  30.00  40.00 


nnnn 


’iirasrDnnnorHrxHJonDTwrwiwwrBBWBwwaww 


SAMPLE  PREPARATION 


a)  Rotary  evaporate  18%  solution  (S.  W.  Analytical  Chemicals)  to  about 
90  weight  percent  HAN. 


b)  Vacuum  dehydrate  at  60-70  degrees  C  for  several  hours. 


c)  Transfer  hot  liquid  (pipet,  hypodermic  syringe,  etc.);  use  dry 
atmosphere  glove-box  if  necessary. 


d)  Isotopic  exchange  -  dilute  dehydrated  sample  in  99.9%  deuterated 
water  (usually  for  99.5%  exchange  in  three  dilutions) . 


e)  Seal  samples  in  thin-wall  quartz  tubes  or  load  into  polyethylene 
cell  for  liquid  X-ray  scattering. 
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LIQUID  SCATTERING  SUMMARY 


NEUTRON 

1)  d4-HAN  -  better  statistics  (x2) 

2)  HAN,  Null  isotope  -  x5  to  xlO  statistics  improvement 
incoherent  background  subtractions 

multiple  scattering  corrections 


X-RAY 

1)  better  liquid  cell  windows 

2)  energy  sensitive  detector  (HgI2) 

3)  focussing  monochromator 

4)  shorter  wavelengths  (smaller  window  effect) 

5)  synchrotron  experiment 


MODELS 

1)  pursue  Percus-Yevick  model  with  non-spherical  shape,  with 
form  factor,  etc. 

2)  Monte  Carlo  calculations  underway  with  neutron  data 
need  better  potential  for  hydroxylammonium  ion 
need  more  crystal  structure  data  (other  salts) 
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High  Pressure  Spectr osciopy  and  the  Structure  of  HAN 
Mark  A.  Davies*  and  Robert.  A.  Fifer,  BRL 


Infrared  spectra  of  aqueous  solutions  of  deuterated 
hydroxylararaonium  nitrate  (dHAN,  11  M  in  D^O)  have  been  recorded 
at  pressures  ranging  from  1  bar  to  17.5  kbar.  Such  data  are 
needed  as  input  and  validation  for  theoretical  models  used  to 
predict  the  physical  properties  of  propellants,  particularly  in 
the  environment  of  gun  barrels  at  the  time  of  ignition. 

Because  all  protons  of  HAN  are  labile,  the  remaining  hydro¬ 
gen  (37.)  is  distributed  between  water  and  the  hydroxy  1  ammoni  urn 
ion  (DO-H,  ND-.OH,  HND_,OD).  The  isolated  Q-H  and  N-H  vibrations 
are  isotopically  uncoupled  from  □ D  and  N-D  vibrations,  elimina¬ 
ting  shifting  and  splitting  of  vibrational  bands  due  to 
i ntramol ecul ar  coupling.  Correlations  between  measured  0-H  bond 
distances  with  uncoupled  vibrational  frequencies  allows  the 
distribution  of  various  0-H...0  distances,  where  the  0  atoms  are 
connected  by  a  hydrogen  bond ,  to  be  determined. 

Pressures  were  generated  using  a  diamond  anvil  high 
pressure  cell.  The  sample  was  confined  between  the  diamonds 
using  a  tantalum  gasket.  Pressures  were  measured  using  the  known 
frequency  shift  of  crystalline  quartz  as  a  function  of  pressure. 

The  N . 0  stretch  shifts  from  991.7  cm  *  to  1012.2  cm  1  and 

i  . i 

the  nitrate  ion  bending  mode  shifts  from  825.7  cm  to  816  cm 
The  intensity  of  the  N-0  stretch,  greater  than  that  of  the  1045 
cm  1  nitrate  ion  symmetric  stretch  at  atmospheric  pressure, 
decreases  with  pressure  and  is  less  than  that  of  the  1045  cm  * 
band  at  17.5  kbar  .  Spectra  of  the  0-H  stretching  region  (above 
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3000  cm  are  also  shown.  Spectral  bandwidths  of  0-H  vibrations 
are  much  narrower  at  high  pressures.  At  this  time,  it  has  not 
been  determined  if  a  phase  change  has  occurred. 

Future  studies  will  include  spectr oscopi c  measurements  over 
smaller  pressure  increments  than  those  used  in  these  preliminary 
experiments,  as  well  as  concentration  and  temperature  dependence 
studies  at  high  pressures.  In  addition,  it  is  hoped  that  the  HAN 
band  positions  at  various  pressures  can  be  calibrated  against  the 
crystalline  quarts  standard,  eventually  eliminating  the  need  for 
the  addition  of  the  pressure  standard  to  the  sample. 

*  National  Research  Council  Postdoctoral  Associate 


Isotopic  Uncoupling  Spectroscopy 
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DIAMOND  ANVIL  CELL  ADVANTAGES 


simplicity  of  operation 
small  sample  volume^ 
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Figure  2.  Diamond  anvil  optical  cell.  Cross-section  of  cell:  A,  Diamonds;  B, 
piston  ( composed  of  two  parts  held  together  by  screws  which  provide  for 
relative  movement  of  the  two  parts  for  alignment  purposes);  C,  hardened  steel 
cylinder;  D  and  F,  two  presser  plates  connected  by  the  lever  arms,  E;  G,  screw; 
H,  calibrated  spring;  I,  steel  body. 


SIDE  VIEW 


'  /f 


TOP  VIEW 


Length:  12.0  cm. 

Base  Height:  2.5  cm. 
Width:  7.5  cm. 

Spring  Height:  3.5  cm. 
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DETAIL  OF  DIAMOND  CELL 


PROBLEMS 


1.  absorption  strength  necessitates  very  short  path  lengths 

a)  difficulty  in  making  gaskets 

b)  pressure  standard  (ruby  or  quartz)  must  be  ground  to  very  small 

size 


2.  light  throughput  is  small  due  to  small  gasket  aperture  size 


EXPERIMENTAL 


Mattson  Sirius  100  FTIR  w/  beam  condensing  optics 
DAC  by  High  Pressure  Diamond  Optics  Inc.,  Tucson,  AZ 

4  cm  -1  resolution 
400  scans  per  spectrum 
Tantalum  gaskets,  0.4mm  -  0.5  mm  diameter 
20  micron  pathlength  (before  pressurization) 

Pressures  were  calibrated  against  a  crystalline  quartz  standard 
(Wong,  Moffett,  Baudais,  Appl.  Spectrosc.  39,  4,  733,  1985) 

Calibration  was  carried  out  externally  using  a  gasket  of  the  same 
thickness  as  that  used  in  the  experiment.  KBr  transmitted  the 

pressure. 
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FUTURE  WORK 

colibrote  pressure  sensitive  HAN  lines  against  quartz  or  ruby 
(moke  HAN  into  its  own  pressure  gouge) 
use  smaller  pressure  increments  &  determine  onset  of  decomposition 

concentration  &  temperature  effects 
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RAMAN  SPECTROSCOPY  OF  AQUEOUS  SOLUTIONS  AT  HIGH 
TEMPERATURES  AND  PRESSURES.  P.  D.  Spohn  and  T.  B.  Brill, 
University  of  Delaware,  Newark,  De  19716. 


Raman  spectroscopy  has  been  shown  to  provide  information 
on  the  microscopic  organization  of  the  aqueous  nitrate  ion. 
Previous  studies  have  been  limited  to  lower  temperatures  due 
to  the  corrosivity  that  is  inherent  in  these  systems.  The 
development  of  a  cell  capable  of  containing  corrosive  salts 
under  exteme  conditions  (450°  C,  5000  psi)  will  be  described. 
The  study  of  aqueous  inorganic  nitrate  salts  under  these 
conditions  will  be  presented.  The  possibility  of  elucidating 
microscopic  structures  for  metal-nitrate  salts  and 
metal-nitrate-HAN  mixtures  from  these  studies  will  be 
examined. 
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Stimulated  Raman  Scattering  and  Explosive  Vaporization  Induced  by  Laser 
Radiation  on  a  Water  Droplet  Containing  Nitrate 


David  H.  Leach  and  Richard  K.  Chang 


Yale  University 
New  Haven,  Connecticut  06520 


Abstract 


When  micrometer-size  droplets  are  irradiated  by  a  visible  laser 
beam,  they  can  be  envisioned  as  a  lens  to  concentrate  the  incident 
radiation  inside  the  droplet  and  as  an  optical  cavity  to  provide 
feedback  for  the  internally  generated  nonlinear  radiation.  Because  of 
the  concentrated  internal  intensity  and  optical  feedback,  the  threshold 

for  stimulated  Raman  scattering  (SRS)  from  water  droplets  containing 
NH4NO3  can  be  readily  achieved  at  low  input  intensity  (e.g.,  less  than  1 

GW/cm^) .  The  SRS  spectra  contain  the  following  peaks:  (1)  first-order 
SRS  peaks  of  the  stretching  modes  of  NO3-  and  O-H;  (2)  nth  order  SRS 

peaks  of  these  stretching  modes  with  the  (n-l)th  order  SRS  as  the  pump 
source;  and  (3)  morphology-dependent  resonance  peaks  superimposed  on  the 
SRS  of  the  stretching  mode  of  O-H.  Chemical  species  identification  can 
be  made  from  the  energy  shift  of  the  SRS  peaks.  The  absolute  size  of 

the  droplet  can  be  deduced  from  the  wavelength  spacing  of  the 
morphology-dependent  peaks.  The  ratio  of  NO3-  and  H2O  concentration 

within  the  droplet  can  be  qualitatively  estimated  from  the  SRS  intensity 


2 


?  i 


ratio  of  the  NO3-  mode  and  the  0-H  mode,  even  when  the  NC>3~ 
concentration  is  below  0.2  M. 

At  input  intensities  higher  than  that  necessary  to  achieve  SRS 
from  a  single  droplet,  laser-induced  breakdown  (LIB)  can  occur  within 
the  droplet  shadow  face.  The  LIB  is  caused  by  the  following  two 
processes:  (1)  multiphoton  ionization  to  produce  the  few  priming 

electrons  and  (2)  cascade  multiplication  which  rapidly  increases  the 
plasma  density  in  subnanoseconds.  Once  LIB  has  been  achieved  during  the 
rising  portion  of  the  input  pulse,  the  transparent  droplet  is 
transformed  into  an  optically  opaque  droplet  which  can  absorb  the 
remaining  portion  of  the  laser  pulse. 

LIB  has  been  investigated  in  droplets  containing  5  M  NH4NO3  with  a 

spatially  resolved  spectroscopic  technique,  which  can  detect  the 
discrete  emission  peaks  from  atomic  H  (Balmer  lines)  and  once  ionized  N 
and  O  at  various  locations  within  the  plasma  plumes  ejected  from  the 
shadow  face  and  the  illuminated  face  of  the  droplet.  Since  the  linear 
Stark  parameters  of  H  are  well  known,  the  electron  density  within  these 
plumes  can  be  estimated  from  the  spatially  varying  lineshape  of  the  H 
Balmer  emission  peak.  Although  the  connection  between  LIB  and  electrode 
ignition  of  liquid  propellents  is  not  clear  at  this  moment,  the 
spectroscopic  techniques  we  have  developed  to  investigate  the  LIB 
associated  plasma  plumes  from  droplets  should  be  applicable  to  the  study 
of  plasma  ignition  of  liquid  propellents  with  electrodes. 

Partial  support  of  U.S.  Army  Research  Office  (Contract  No.  DAAL03-87-K- 
0076)  is  acknowledged. 
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Stimulated  Raman  Scattering 

and 

Explosive  Vaporization 
Induced  by  Laser  Radiation 

on 

a  Water  Droplet  Containing  Nitrate 


BRL  David  H.  Leach 

August  25,  1987  Richard  K.  Chang 


Yale  University 


SRS  INTENSITY  (arb.units) 
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I  (N03) 


I(H, 


KN03  MOLARITY 


Intensity  ratio  of  the  NO3  mode  at  1050  cm-1  and  the  O-H 
stretching  mode  at  3460  cm"^  as  a  function  of  the  KNO3 
molarity.  Each  point  represents  the  mean  value  of  at 
least  10  measurements  with  90%  of  all  measurements  falling 
within  the  error  margin. 


Stimulated  Raman  Scattering  Conclusions 


1)  Species  identification  via  molecular 
vibrational  frequency 


2)  Resonance  mode  spacing  provides  size 
information 
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SUMMARY 


MICROEXPLOSION  OCCURS 


DSC  OF  LIQUID  PROPELLANTS  AND  CRYSTALLINE  HAN 


Leon  Decker  and  R.A.  Fifer 
U.S.  Army  Ballistic  Research  Laboratory 
Aberdeen  Proving  Ground,  MD  21005-5066 


ABSTRACT 

A  DSC  stability  test  has  been  developed  for  monitoring  the 
stability  of  HAN-based  liquid  propellants,  and  the  destabilizing 
effects  of  metal  impurities.  The  test  involves  simultaneous 
ignition  temperature  (Tig)  measurements  for  eight  samples  (2.3  mg 
each)  heated  in  glass  capillaries  in  a  DSC  pressurized  to  6.9  MPa 
(1000  psi).  Data  are  given  for  neat  propellant  “1845",  as  well 
as  for  samples  of  the  propellant  “doped"  with  3-150  ppm  of  iron 
or  copper.  The  results  show  that  5  or  10  ppm  of  either  metal 
leads  to  a  measurable  decrease  in  Tig,  and  that  the  decrease  in 
Tig  per  unit  metal  concentration  is  greatest  at  the  lowest  metal 
concentrations.  From  the  signs  and  shapes  of  the  DSC  peaks  under 
different  conditions,  it  thus  been  found  that  when  water 
vaporization  is  suppressed,  there  are  no  detectable  endo-  or 
exotherms  prior  to  ignition,  and  that  the  first  gas-producing 
reaction  is  apparently  endothermic.  When  water  vaporization  is 
suppressed,  the  Tig  for  HAN-based  propellants  are  much  higher 
(>200  C)  than  previously  suspected. 

A  preliminary  examination  of  two  crystalline  forms  of  HAN 
indicate  that  the  heats  of  fusion  of  both  forms  (alpha-HAN  =  27.0 
+/-  1.8  cal/gm;  beta-HAN  =  26.7  +  /-  1.8  cal/gm)  are,  within 
experimental  limits,  identical.  Much  more  work  needs  to  be 
performed  to  properly  characterize  the  experimental  material. 
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SAMPLE  CONFIGURATIONS: 


PERKIN— ELMER  DSC  HEAD 
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HIGH  PRESSURE  ( 1 000  PSIG) 


CPO  PS/G- 


LEON  FILE*  SJOEB.  04  TEMPERATURE  <C>  DSC 

DATE*  05/87/11  TIME*  15*  47 


LEON  FIL&624BA.D4  TEMPERATURE  <C>  DSC 

DATE*  00/08/28  TIME*  13*40 


FILS  SI 820. 04  TEMPERATURE  CC> 

88/07/01  TIME*  10*  1 9 


*1 


*5 

z  S* 

2  5  fe 

>.  uj  K 

<  so 

fZ  or  o 

zz  UJ  *" 

Z  so 

C 

o  I—  tn 

H-  <  O 


tn  er¬ 
as  c/) 
5  uj 

?  0* 
U- 

O  O 


tn  M 
tn  p*. 

<  Li  ^ 

s*! 

a  a  p 

N»  UJ  £r 
“  T  u; 
n  Ui 

X  5  DC 

ST  m 
■a*  3  <~* 

5  5r  u 


2?  u* 
<  o 

^  * 

LD  O 

gu  ^ 
5  m  o 
dJ  h 
j  .  w 

2^  i 

h  S  £ 
o*  5  w 


as  ui  U 
S  3  o 

o  ®  u 
£  m 

<  g 

o  R 


<  fe 

Z  tD 
XZ  uj 

-c  * 

CM 

fO 


•y*  %  v\ »,j 


t«r.v 


uwMnwwwww 


V7.1JW  VTV’ V*7* \r> T*  LT Y*  V*  V*V^^VJT\^V\TW V^.N.  „ . 


CL 

< 

n 


</> 


u 

tn 

O  P 

Ui  Ui 

m  tn 

1  ° 

tn  j- 
cn 

ill  u) 

gfS 

£  ~ 


<  i- 

H  < 

Q£  as 

?  w 

Q-  j- 

<  = 
>  3 

“  > 
LlI  > 

t  O 

5  K 

u.  u 
o  < 
_  u 

5  m 

s  = 

tn  w 
tn  «* 
ui  J; 

“  3 

CL  -1 

0. 


UI 

I-  mJ 

UI  < 

g  fc 

o  E 

o  h- 
— 

CL  Z 

W  3 
+  Q£ 
UI  UI 
u  CL 

Q 


=  < 


in 


CM 

+  o  2 

fe  =  £f 

in  UI  Z 

£  tn  ui 
g  <  u 
.  ui  Z 
H  DC  O 
<  U  U 
rv  Ui 

Z  (— 

S  W 

U  uJ 

Z  H 

o  < 

U  UJ 

%  “ 
a  18 


UI 

QC 

< 

+ 


Q 

Z 

< 

CM 

+  UI 

=)  o 

U  3 


tn 


CD  Z 
ts 

< 
□  C 

UI  _J 

t  < 

u]  =3 
ar 
ts  ui 

M 


CD 

< 

I— 

tn 

UJ 

a 

Ui 

Z 

H 


tn 


(OBSERVABLE  AT  CONCENTRATIONS  AS  LOW  AS  5  PPM) 


WINUVUVVVWflIWWWt  rwrwn  ^TOWiwcimwimwra 


CO 

z 

z> 

DC 


UJ 

> 

h~ 

UJ 

CD 


ac 

UJ 

I— 

< 

r 


UJ 

LD 

< 

DC 

O 

H— 

CO 


CO 

UJ 

DC 

Z5 

Q 

UJ 

U 

O 

QC 

Q. 


UJ 


DC 

UJ 

Cl 

X 


120 


E 

co 

<-S 

in  _i 

tt  <r 
x  u 
a  ^ 

u  o 

C  H- 


m 

so 

«»»* 

u 

SO 

K) 


co  £ 

h-  « 

j  Q 

=r  -»* 
lu  u 
CO  « 

lu  2: 

C£  in 

K) 


u 

o 

xr 

e 

a 
a c 


to 

>- 

c 

e» 

-Si 

u 

«E 


m 

”  cn 

OC 
O  S 
V  CO 

g  ~ 

O  r_) 
DC  <■ 
u.  > 

£  u5 

=  so 

at 

-c. 

>■ 

z 

a 

cn 


®  u_ 

"  o 

QC  H- 
<  « 

>  UJ 


cn  z 
X  uj 
O  t— 
c 


>v« 


v,s'v  *>.v 


to  ^0 

ok  U> 

O  -4 

u  3 


<  u 

Q£  © 

gs 


u  u  u 
©  ©  © 
h-  h-  r^ 

4>  *  4> 

CD  CD  CC 

H  H  h* 

©  ©  © 
CM  CM  CM 
+  *  + 


CSI  —  CM  CM 


5  ©  ^  n  © 

•j  in'  ©  ^  © 

<  CM  CM  CM  K> 


lUUUU 

Uj  ©  —  ©  © 

V)  ©  cm  © 

*  in  ©  ^  © 
o  fO  ^  ^5  ^ 

St4oao 
©oot  — 
as  k>  k>  cm  ro 

3  CM  CM  CM  CM 

t*  r*.  r*- 


’WWW. 


122 


jCgff)-  3>o  T^p/o^J) 


DATE.  87/08/18  TIME.  14.04 


“  i 

CO  si 


5  uu 
<  o  ° 
oe  r*  r*. 


<  a  o 

r  h  h 


u  u  u 

o  o  o 
r-  r*-  r- 

i  i  i 


t*  _  _ 

uO® 

5  + 


o  o  o 

hhh 


o  o  o 

^  ^ 
+  +  + 


=  CM  CM  CM  CM  CM 
E  \  I  I  I  I 


?£  co  r*  10  in  in 

r  w  Oi  o  w  o 

^  •  _ * 

J  I""  f  O  ^ 

<  CM  N  N  N  ^ 
U  I  I  I  I  1 


u  u  u 

i—  c-  co  o  in 

UJ  IO  o  fO  ^  o 

2  C:  O  h;  o 

5  ^  'C  ^  in 

°  i  i  i  i  i 


O  U  U.  Ui  Q 

—  o  o  o»  Ch  & 
a:  m  ro  cm  cm  cm 

3  CM  CM  CM  CM  CM 

at  !*-  c-  r-  r*  c- 


i 


M  w  nw  JiiTiii  rviHrmn  nn. 


124 


J.T.  Cronin,  T.B.  Brill.  Department  of  Chemistry 
University  of  Delaware,  Newark,  DE  19716 


The  high  rate  (>100°C/sec)  decomposition  charateristics  of 
liquid  propellant  LP1845  will  be  described  with  the  rapid-scan 
FTIR/thermal  profiling  technique.  The  decomposition 
characteristics  of  HAN  and  TEAN  were  examined  and  then 
compared  to  the  pyrolysis  behavior  of  LP1845.  A  five  step 
process  that  describes  the  major  events  occurring  during  the 
fast  thermal  decomposition/ignition  of  LP1845  will  be 
presented.  A  progress  report  on  the  acoustic  levitation  project 
will  be  presented. 


Stability  Characteristics  of  Deflagrating 


Combustion  Research  Facility 
Sandia  Labs,  Livermore  94550 


Why  stability? 
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shows  the  length  scale  of  fluid- 
mechanical  breakup  (droplet  size) 


Initial  state  from  which  stability  is 

determined 


position  of  gas/liq 
interface  and  flame 


Previous  investigations 
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•  smallest  wave  numbers  (largest  length  disturbance) 


Experimental  evidence 
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Experimental  evidence  (cont'd) 
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Combine  the  two  in  a  way  relevant 
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disadvantage  is  that  the  system  must  be  couched  in 
general  fashion 

takes  the  form  of  a  linear  operator  in  fourier  -  laplace 
whose  determinant  forms  the  dispersion  relation 


position  of  gas/liq 
interface  and  flame 


Results 
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log  (wave  number  x  X  ) 

cellular  =?  9t(oo)  =  0  pulsating  =>  9i(co)  *  0 


Conclusion 

things  done 

•  formalism  developed  to  enable  the  solution  of  this 
large  system  (including  surface  tension  &  gravity) 
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THE  COMBUSTION  OF  HYDROXYLAMMONIUM  NITRATE 
BASED  LIQUID  PROPELLANTS  * 

Steven  R.  Vosen 
Combustion  Research  Facility 
Sandia  National  Laboratories 
Livermore,  CA  94550 

ABSTRACT 

To  better  understand  the  physical  processes  which  occur  during  the  combus¬ 
tion  of  liquid  propellants  (LP),  a  strand  burner  was  used  to  study  hydroxylam- 
monium  nitrate  based  LP  flames.  By  observing  the  combustion  of  LP  in  such  an 
arrangement,  much  has  been  deduced  of  the  physical  processes  that  occur  during 
LP  ignition  and  combustion,  at  pressures  which  are  relevant  to  LP  gun  ignition. 

Combustion  experiments  were  performed  in  which  mixtures  of  the  salts  hy- 
droxylammonium  nitrate  (HAN)  and  triethanolammonium  nitrate  (TEAN)  in  wa¬ 
ter  were  ignited  by  an  electric  discharge,  in  a  pressure  vessel  at  pressures  of  up 
to  34  MPa  (5000  psi).  Specifically,  the  mixtures  discussed  in  this  paper  are  the 
propellant  designated  as  LP  1846  (60.8  %  HAN,  19.2  %  TEAN,  and  20.0  %  water 
by  weight)  and  HAN/water  mixtures.  The  mixtures  were  loaded  into  a  container 
(strand  burner)  that  had  a  5  mm  (0.20  inch)  square  cross  section,  was  40  mm  (1.57 
inch)  deep,  and  was  open  on  top.  Electrodes  in  two  sides  of  the  burner  allowed  for 
a  discharge  through  the  mixtures,  and  quartz  windows  on  the  other  sides  allowed 
for  observation  of  LP  combustion.  The  burner  was  located  in  a  pressure  vessel 
with  a  volume  (.013  m3,  0.46  ft3)  large  enough  to  ensure  that  only  small  changes 
in  pressure  occurred  during  combustion. 

Images  of  the  combustion  were  obtained  through  windows  in  the  pressure 
vessel  by  backlit  photography,  and  were  recorded  on  a  video  system  at  a  rate 
of  60  frames  per  second,  with  an  exposure  of  100  microseconds.  These  images 
clearly  show  the  movement  of  a  liquid-gas  interface  and  a  bright  flame  during  LP 
combustion. 

The  following  conclusions  have  been  made  based  on  photographs  of  LP  and 
HAN  water  combustion,  samples  of  combustion  residue  in  the  combustion  cham¬ 
ber.  and  the  pressure  in  the  chamber: 

1)  As  reported  by  other  experimenters,  it  has  been  confirmed  that  there  is  a 

“<  •  -'*<:-<  iii  tin  average  volumetric  burning  rate  of  LP  in  the  pressure  range 
'  f  C . 7  34  MPa  (1000  to  5000  psi). 

2)  There  are  two  regions  in  the  LP  flame  where  reactions  occur:  at  the  liquid-gas 
interlace  and  above  the  liquid-gas  interface. 

*  This  work  was  supported  by  a  memorandum  of  understanding  between  the 
Department  of  Energy  and  the  Department  of  the  Army. 
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3)  For  the  pressure  range  studied,  HAN  decomposition  governs  the  overall  com¬ 
bustion  rate  of  HAN-based  propellants. 
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•  Flame  Stability 
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Observations 
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Model  of  HAN-TEAN-H2O  Combustion 


9.16  M  HAN 


(lira) 


LP  1846 

30  MPa 
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Requirements  for  Sequestering  Agent 


1)  In  low  concentration,  <1%  by  weight,  must  be  able 
to  strongly  complex  metal  ions  in  presence  of  ten  molar 
HAN 

2)  Must  overcome  nominal  pH  4  in  HAN 

3)  Complexed  metal  ions  must  be  unreactive  towards 
HAN 

4)  Must  be  chemically  inert  in  harsh  HAN  environment 
(for  years?) 
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Stoichiometric  Metal  Ion  Impurities 


Cu(ll)  +  HAN  ->  Cu(l)  +  N20  +  N2  +  (NO) 


Catalytic  Metal  Ion  Impurities 


Fe  (III) 

HAN  - ♦  N20  +  (N2) 


Dequest  2041  (Monsanto) 


OH 

OH 

OH 

OH 


1)  White  solid,  94*  purity  (Monsanto) 

2)  White  solid,  97*  purity  (Monsanto) 

3)  White  solid,  >99*  purity  (Dow) 

4)  Fully  deprotonated  form  L®~  (ten  protonation  sites) 
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Kryptofix  211 


r\ 


Kryptofix  221 
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Donor  atoms  (0  and  N)  enclosed  in  macrocyclic  ring 
system . 

Cryptate  stability  usually  determined  largely  by  match  of 
ionic  radius  of  metal  ion  and  cavity  radius  of  cryptand. 
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General  Observations  of  Dequest  Agents  and  Iron  (III) 


1)  Fe(IIl)  is  promptly  and  extensively  precipitated  by 
2041  and  2060  in  both  2.8  M  HAN  and  water  (pH  <  6), 
even  at  0.5  mM  Fe(lll)  and  Dequest  agent. 

2)  Solids  obtained  from  either  medium  are  very  similar 
with  a  given  Dequest  agent.  Fe (III) /Dequest  ratio  ca.  1:1 
for  2041  and  3.2  for  2060. 

3)  Supernatants  slowly  deposit  additional  solid. 
Supernatants  appear  to  be  largely  colloidal,  but  clearly 
contain  complexed  Fe(lII). 

4)  Other  metal  ions  [Cu(ll),  Co(ll),  Ni(H),  Zn(ll), 
Mn(ll)]  do  not  form  precipitates,  but  are  strongly 
complexed. 

5)  Iron(ll)  does  not  immediately  form  a  precipitate,  but 
later  forms  a  white  solid  similar  to  that  with  iron(IIl). 

6)  The  iron  (III) -Dequest  solids  dissolve  above  pH  5-7  to 
form  a  yellow  solution. 


FIGURE  ONE 


FIGURE  TWO 
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2041 


Fc(lll)  +  L8 


log  K  =  25.35 


2060 


Fe(lll)  +  L10_ 


log  K  =  24.24 


Making  the 

HAN -ELECTROCHEMICAL 
CONNECTION 


Ronald  L.  Dotson 
and 

James  A.  Leistra 

Olin  Corporation 


ABSTRACT 


Hydroxylammoniura  nitrate,  HAN,  in  high  purity  is  a  valuable 
chemical  which  can  be  produced  by  several  different  methods.  It 
is  active  both  as  oxidizing  and  reducing  agent,  thereby  making  the 
electrochemical  connection  with  its  preparation  and  applications. 
The  electrochemical  synthesis  of  HAN  has  been  the  subject  of 
considerable  interest  within  recent  years  within  Olin,  and  a 
process  for  its  production  being  developed. 

This  talk  provides  a  descriptive  introduction  to  the  fundamental 
properties  of  HAN  and  then  moves  quickly  to  the  Olin  approach  to 
electrochemical  synthesis  from  the  viewpoint  of  electrochemical 
engineering.  From  this  perspective  the  discussion  emphasizes  some 
of  the  unique  design  tools  which  the  electrochemical  engineer  uses 
from  both  materials  science  and  process  design  standpoints,  that 
are  not  common  to  classical  chemical  engineering,  such  as  current 
distribution,  fluid  flow  patterns,  mass  and  charge  transfer  under 
electrical  load.  Electrochemical  engineering  unifies  the  concepts 
of  electrode  reactions  that  are  approached  as  heterogeneous  cata¬ 
lysts,  where  the  rates  of  the  electrode  reactions  are  controlled 
not  only  by  the  catalytic  properties  of  the  electrode  substrate 
but  also  by  the  interplay  of  mass  transfer  mechanisms  that  deter¬ 
mine  the  diffusion  rate  of  electroactive  species  at  the  conductive 
and  electroactive  interfaces. 

The  discussion  emphasizes  the  importance  of  correct  choice  of 
electrodes  as  well  as  materials  and  apparatus,  and  is  given  in 
four  segments  following  the  Introduction,  Thermodynamics,  Elec¬ 
tro-kinetics,  Transport  and  Separation,  and  finally  last  but  not 
least  Reactor  Design. 


HAN-ELECTROCHEM-CONNECTION 

♦DESCRIPTIVE  INTRODUCTION 
♦THERMODYNAMIC  PROPERTIES 
♦ELECTROKINETICS 
♦MASS  TRANSPORT/SEPARATION 
♦PARALLEL  PLATE  REACTOR 


♦CONCLUSIONS 


THE  REDOX  PROPERTIES  OF 
HYDROXYLAMMONIUM  NITRATE 

[NH30H]  {N03} 

PROVIDE  THE 
HAN-ELECTROCHEMICAL 
CONNECTION 


HYDROXYLAMMONIUM  NITRATE  IS  DIFFERENT 
FROM  THE  OTHER  HYDROXYLAMMONIUM  SALTS 


HN03 

i 

(+5) 


HAN  can  be  formed  by  action  of 
nascent  hydrogen  on  Nitrogen  Oxides: 


— >  HN02  —  >  NO - >  NH20H  —  >  NH3 

/ - 3e(-)— >/ 

_____ - 6e(_) - - - >/ 

(+3)  (+2)  (-1)  (-3) 

- Oxidation  State - > 


POURBA1X  DIAGRAM 
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NH40H 


THERMODYNAMICS 


GIBBS  RELATION 

Relates  the  Gibbs  free  energy  to  cell  voltage. 


dG  =  -nFE 


E(volts)  =  -4.184  dG(cals)/96,490n 


G1BBS-HELMH0LTZ  EQUATION 


dG  =  dH  -  T[dS]  =  dH  +  Tid(dG/dT)jp 


E  =  T(dE/dT)p  -  dH/nF 
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THERMODYNAMICS  FOR  NITRATE  REDUCTION  TO  HAN 


•CATHODE  HALF  CELL  REACTION 


6H(+)  +  6e(-)  +  HN03 - >  NH20H  +  ZH20 


♦NERNST  EQUATION 


E  =  -0.720  +  0.069  LOG  [H(+)] 
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REACTION  MECHANISM 


♦ELECTRODE  KINETICS 

CHARGE  TRANSFER  STEP: 


H30(+)  +  e(-) 


>  H  +  H20 


P ARAMETERS  FOR  ELECTRODE  KINETICS 

Tafel  Equation: 

V  -  (2.303RT/of  zF)  log  [io/i] 

H30{+)  +  e(-) - >  0.5  H2  +  H20 

E  =  -2.303RT/F  log  {[H2]/[H(+)]j 


E 


1/984E-4  (T)  [pH] 


MASS  TRANSFER  LIMITATIONS 


Concentration  Polarization 
Pick's  Law 

No  =  D/6  (Cb  -  Cs) 
Faraday’s  Law 

i/zF  =  D/6  (Cb  -  Cs) 


Nernst  Diffusion  Layer 


MASS  TRANSFER  LIMITATIONS 


Concentration  Overpotential 


i(L)/zF  =  k  Cb 


Cb/Cs  =  i(L)/[i(L)  -  i] 


'>']  =  a  +  b  log  i  +  c  In  i(L)/[i(L)  -  i] 


PROPOSED  REDUCTION  MECHANISM 


Hydrodimerization  of  Nitro  Groups 
by  Indirect  Coupling  on  Cathodic  Mercury 

2H  +  HN03 - >  H3N03 - >  HN02  +  H20 

2H  +  HN02 - >  H3N02 - >  HNO  +  H20 

2HN0  —  >  H2N202  — 2H— >  H4N202  — 2H— >  H6N202 
H3N0 — N0H3 - >  2  NH2-0H 
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NOTE  1.  FUME-OFF  OBSERVED  WITHIN  8  HR  TO  THREE  DAYS  OF  STORAGE 
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FORMULATION  TAILORING  FOR  HIGH  PERFORMANCE  SYSTEM 


THE  DIFFUSION  AND  MIXING  CHARACTERISTICS  OF  LGP  1845  AND  WATER 


Cris  A.  Watson  and  John  D.  Knapton 
U.S.  Army  Ballistic  Research  Laboratory 
Aberdeen  Proving  Ground,  MD  21005-5066 


ABSTRACT 

An  approximate  value  for  the  diffusion  coefficient  of  liquid 
gun  propellant  (LGP)  1845  into  water  was  obtained  using  a  two 
color  mixing  method.  The  two  components,  water  and  propellant, 
were  dyed  separate  colors  and  the  mixing  region  was  measured  as  a 
function  of  time.  Using  the  experimental  mixing  length,  the 
diffusion  coefficient  was  calculated.  As  a  check  on  the 
procedure,  methanol  and  glycerine  were  also  tested.  The 
diffusion  values  obtainedoin  the  experigents^for  methanol  and 
glycerine  were  1.28E  cm  /s  and  1.73E  cm  /s,  respectively. 

Thg  diffusion  coefficient  for  LGP  1845  into  water  is  1.59E 
cm  /s.  A  prediction  for  the  diffusion  coefficient  of 
hydroxylammoniumgitr^te  into  water  was  also  calculated  and 
found  to  be  1.4E  cm  /s.  The  short  term  mixing 
characteristics  of  LGP  and  water  was  also  investigated.  The 
results  indicated  that  the  propellent  and  water  will  not  mix 
properly  unless  e^itated. 
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EXPERIMENTAL  SETUP 


GRAPUATED 

CYLINDER 


Physical  Properties  of  Liquid  Propellants  With  Dissolved  Gases 


S.  Murad 

Chmical  Engineering  Department 
University  of  Illinois  at  Chicago 
Box  4348,  Chicago,  IL  60680 
Tel:  (312)996-5593 


ABSTRACT 


The  solubility  of  three  important  gases  (argon,  nitrogen,  and  methane)  has  been 
estimated  in  liquid  propellants  using  an  extended  corresponding  states  theory,  and 
some  recently  obtained  experimental  data  of  Koski  (see  following  abstract),  over  a 
range  of  temperatures,  for  pressures  up  to  1000  bars.  The  effect  of  these  dissolved 
gases  on  physical  properties  such  as  surface  tension  are  then  estimated. 

The  solubility  of  the  gases  have  been  estimated  by  using  the  fundamental 
equation. 

f(q  *  xr*H°  expjjv/RTdP 

where  f(G)  is  the  fugacity  of  the  gas  phase,  x,  the  mole  fraction  of  the  dissolved  gas  in 

the  propellant,  and  y  .  H°,  V,  are  the  activity  coefficient,  Henry's  constant,  and  partial 
molar  volumes  respectively  of  the  dissolved  gas  in  the  liquid  propellant.  The  values  of 

f(Q),  y*,  H°,  and  V  are  then  estimated  using  the  corresponding  states  theory,  and  limited 
experimental  data.  This  technique  can  also  be  easily  extended  to  examine  mixtures  of 
gases  in  liquid  propellants. 

After  the  solubilities  of  the  gases  in  liquid  propellants  have  been  estimated,  they 
can  be  used  to  estimate  their  effect  on  various  physical  properties,  such  as  density, 
surface  tension,  etc.  We  will  show  some  of  our  results  for  surface  tension  of  liquid 
propellants  under  pressure,  and  compare  the  results  with  those  obtained  when  gas 
solubilities  are  ignored. 


SOLUBILITY  OF  GASES  IN  LP  1846 


Walter  S.  Koski 
Department  of  Chemistry 
The  Johns  Hopkins  University 
Baltimore,  MD  21218 

The  solubility  of  various  gases  has  been  measured  in  LP  1846  using 
chromatographic  techniques.  The  temperature  range  for  most  of  the  gases  was 
from  -15°  to  30°C  in  5  degree  intervals.  The  order  of  increasing  gas 
solubilities  was  nitrogen,  oxygen,  argon,  methane,  hrypton,  and  xenon.  These 
measurements  permitted  the  determination  of  the  free  energy,  enthalpy,  and 
entropy  changes  for  the  solution  process.  The  behavior  of  oxygen  was 
anomalous  since  it  apparently  slowly  reacts  with  the  hyudr ox y 1 aramoni um  ion  to 
produce  N^O. 
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Tueadt 


CONFERENCE  ON  HAN-BASED  LIQUID  PROPELLANT  FLAMES, 
PROPERTIES,  AND  STRUCTURE 

Final  Program 

All  sessions  will  be  held  in  Bldg  330. 

25  August 


8:30  am  WELCOME.  Walter  F.  Morrison,  Program  Manager,  LP  Program 
8:40  am  ARRANGEMENTS  &  SIMILAR  FOLDEROL.  Eli  Freedman,  ABCB,  BRL 


SESSION  I:  Nathan  Klein,  BRL,  presiding 


8:45  am  THE  PHASE  DIAGRAM  OF  HAN -WATER.  J.  Bevan  Ott, 

Brigham  Young  University 

9:30  am  DIFFRACTION  STUDIES  OF  HAN.  Fred  Ross,  University  of 
Missouri  at  Columbia 


10:15  am 


break 


10:45  am  HIGH  PRESSURE  SPECTROSCOPY  AND  THE  STRUCTURE  OF  HAN. 

Mark  Davies  and  Robert  A.  Fifer,  BRL 

11:15  am  RAMAN  SPECTROSCOPY  OF  AQUEOUS  SOLUTIONS  AT  HIGH  TEMPERATURES 
AND  PRESSURES.  Peter  Spohn  and  T.B.  Brill,  Univ  of  Delaware 


11:45 


Lunch 


SESSION  II:  Josephine  Wo jciechowski,  BRL,  presiding 


1:30  pm  EQUATION  OF  STATE  OF  HAN  SOLUTIONS.  Julius  Frankel,  BWL 


2:00  pm 


2:30  pm 
3:00  pm 


3:45  pm 


EXPLOSIVE  VAPORIZATION  OF  INDUCED  BY  LASER  RADIATION  ON  A 
WATER  DROPLET  CONTAINING  NITRATE.  David  Leach  and 
R.K.  Chang,  Yale  University 

break 

DROPLET  COMBUSTION  OF  HAN-BASED  LIQUID  PROPELLANTS. 

C.K.  Law,  University  of  California,  Davis. 

adjourn 


iV  V  S"iS%*,V?Al>;SV,V  V ' 


SESSION  III:  Madelyn  M.  Decker,  BKL,  presiding 


8:30  am  DSC  OF  LIQUID  PROPELLANTS  AND  CRYSTALLINE  HAN.  Leon  Decker 
and  R.A.  Fifer,  BKL 

9:00  am  DECOMPOSITION  STUDIES  OF  LP  1845.  James  T.  Cronin  and 
T.B.  Brill,  University  of  Delaware 

9:30  am  STABILITY  CHARACTERISTICS  OF  DEFLAGRATING  LIQUID  PROPELLANTS. 
R. C.  Armstrong  and  S.R.  Vosen,  Sand i a  Labs 

10:00  am  break 

10:30  am  THE  COMBUSTION  OF  HAN-BASED  LIQUID  PROPELLANTS.  S.R.  Vosen, 
Sandia  Labs 

11:00  am  A  LIQUID  PROPELLANT  DECOMPOSITION/REACTION  MODEL.  H.A.  Dwyer 
and  B. R.  Sanders .  Sandia  Labs 

11:30  am  STABILIZATION  OF  HAN  SOLUTIONS  AGAINST  TRANSITION  METAL 
ION  IMPURTIES.  Richard  C.  Thompson,  Univ  of  Missouri — 
Columbia 


12:00  lunch 


SESSION  IV:  Charles  S.  Lever itt,  BRL,  presiding 


ELECTROCHEMICAL  STUDIES  RELATED  TO  HAN.  R.L.  Dotson, 
01 in  Corp. 

PRELIMINARY  STRAND-BURNING  RATES  FOR  HAN-BASED  GELLED 
PROPELLANTS.  D.S.  Chiu,  ARDEC 

break 

EMULSIFIED  HAN-BASED  PROPELLANTS.  Neale  Messina,  PCRL 
DIFFUSION  STUDIES  IN  LP  1846.  Cris  Watson,  BRL 

adjourn 

DINNER 


1 : 30  pm 

2 : 00  pm 

2:30  pm 
3 : 00  pm 
3 : 30  pm 
4:00  pm 
6 : 30  pm 
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SESSION  V:  Eli  Freedman,  BRL,  presiding 


8:30  am  PHYSICAL  PROPERTIES  OF  LIQUID  PROPELLANTS  WITH  DISSOLVED 
GASES.  Sohail  Murad,  University  of  Illinois  at  Chicago 

9:00  am  SOLUBILITY  OF  GASES  IN  LP  1846.  Walter  Koski,  JHU 

9:30  am  A  NEW  DETERMINATION  OF  THE  ENTHALPY  OF  COMBUSTION  OF 
TRIETHANOLAMMON IUM  NITRATE.  Jennifer  C.  Colbert  and 
Eugene  S.  Domalski,  US  National  Bureau  of  Standards 


10:00  am 


break 


10:15  am  GENERAL  DISCUSSION 

12:00  Final  Adjournment 
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